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Sinmarv Risk of cancer mortality from 1973 to 1985 in persons born in the Indian subcontinent who
migrated to England and Wales was analysed by ethnicity, and compared with cancer mortality in the England
and Wales native population, using data from England and Wales death certificates. There were substantial
highly significant raised risks in Indian ethnic migrants for cancers of the mouth and pharynx, gall bladder.
and liver in each sex. larynx and thyroid in males, and oesophagus in females. There were also substantial
raised risks in these migrants of each sex for non-Hodgkin's lymphoma and myeloma. For the mouth and
pharynx. and liver in each sex, and gall bladder in females, there were also raised risks of lesser magnitude in
British ethnic migrants. For colon and rectal cancer and cutaneous melanoma in each sex. ovarian cancer in
women and bladder cancer in men. there were appreciable significantly reduced risks in the Indian ethnic
migrants not shared by those of British ethnicity. Appreciable raised risks in British ethnic migrants not shared
by those of Indian ethnicity occurred for nasopharyngeal cancer in males, soft tissue malignancy in both sexes
and non-melanoma skin cancer in males. In migrants of both ethnicities there were appreciable significantly
raised risks in each sex for leukaemia and decreased risks in each sex for gastric cancer. for lung cancer except
in females of British ethnicity and in males for testicular cancer. The results suggest the need for public health
measures to combat the high risks of oral and pharyngeal cancers and liver cancer in the Indian ethnic
immigrant population of England and Wales. by prevention of betel quid chewing and hepatitis transmission
respectively. The data also imply that early exposures or early acquired behaviours in India, or exposures
during migration. may increase the risk of leukaemia and reduce the risks of gastric and testicular cancers in
the migrants irrespective of their ethnicity. Aetiological studies would be worthwhile to investigate the reasons
for the sizeable decreased risk of colon and rectal cancer and increased risk of gall bladder cancer in each sex
and the increased risk of thyroid and laryngeal cancer in males and oesophageal cancer in females of Indian
ethnicity but not of British ethnicity who have migrated from the Indian subcontinent.
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During the 19th and early 20th centuries, the British Empire
was extensive and included the whole of the Indian subconti-
nent. [India. Pakistan (which in 1972 split into Pakistan and
Bangladesh) and Ceylon (later renamed Sri Lanka). We have
referred to persons whose origin is from these countries as
'Indian ethnic', rather than 'Indian subcontinent ethnic', for
simplicity]. Many Britons lived in the subcontinent, and
brought up families there. After the Second World War
however, with changed economic and political circumstances,
India, Pakistan and Ceylon gained independence, and large
numbers of residents of British ethnicity returned to their
ancestral country of origin. This return gives a fascinating
epidemiological opportunity: the individuals concerned had
early-life exposure to the environment of a tropical, less
developed country. but had a Caucasian phenotype. Cancer
risks in such countries differ greatly from those of the West
and data on these migrants can give information on the
extent to which these differences in risk are of environmental
rather than genetic origin. and also on the specific effects of
early-life exposures, since although the individuals
experienced aspects of the infections, diet and environment of
the Indian subcontinent in their youth, in general they left
the subcontinent at or before Independence (1947 for India
and Pakistan, and 1948 for Ceylon), and have subsequently
lived for several decades in the West.
Indian ethnic migrants to Britain from the subcontinent
mainly arrived more recently than their British ethnic
counterparts (largely in the 1960s), but like them they had
early experience of an Indian environment and later
experience of a British environment, albeit with greater reten-
tion of Indian behaviours.
The present study uses England and Wales mortality data
coded by birthplace and ethnic group to examine cancer risks
in British ethnic and Indian ethnic miugrants to England and
Wales from the Indian subcontinent and to consider how
they compare with risks in natives in the subcontinent and
Enghsh and Welsh natives in England and Wales.
Materials and methods
Death certificates in England and Wales have. since April
1969, included information on country of birth, and this
information has been coded and included in national mor-
tality data files by the Office of Population Censuses and
Surveys (OPCS). In addition, for deaths from 1970 to 1985
OPCS undertook ethnic origin coding for persons born in the
Indian subcontinent and Africa. The coding was based on
consideration of: forenames. surname and maiden name; the
names of the informant at death, if a relative; exact place of
birth; and other items on the death certificate, were of help.
The coding separated the Indian-born into those of Indian
ethnic origin, British origin, Continental European origin.
and others. The data for 1970-72 were not entered onto
computer files and are no longer available. We obtained from
OPCS the remaining data for mortality from 1973 to 1985 in
residents of England and Wales by country of birth and
ethnic group.
The only ethnic coded data on the population structure of
the Indian subcontinent-born in England and Wales are for a
1% sample of this population in 1971 (Marmot et al.. 1984).
These data are only available for a single year, are based on
small numbers (fewer indeed than the number of deaths in
our study), do not separate British ethnic from other non-
Indian ethnic Indian-born migrants. and do not provide age-
specific data for the full age range. They were therefore not
satisfactory to use as denominators for calculation of mor-
tality rates in the immigrants. We therefore estimated relative
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nsk of mortality instead by calculation of age-adjusted odds
ratios (Mantel and Haenszel, 1959). These odds ratios com-
pared the nrsk of death from each cancer site in each ethnic
migrant group with the risk of death from the same cancer
site in England and Wales-born residents of England and
Wales, considered as the baseline category. The 'cases' in this
analysis were the deaths from the cancer under analysis, and
the 'controls' were the deaths from all other cancer sites.
Thus, for example, for lung cancer in Indian ethnic migrants,
within each 5 year age group a 2 x 2 table was constructed as
follows:
Lung cancer Other cancers
(cases) (controls)
Indian ethnic Indian-born
('exposed')
England and Wales-born
('not exposed')
ai bi
di
Then the Mantel-Haenszel odds ratio was calculated using
the formula:
I a, di N,
£ bi c, N,
where i refers to the ith age group and N, equals the sum of
all cancer deaths in that age group (ai + bi + ci + di).
Ninety-five per cent confidence intervals were based on the
approximate variance estimate of the odds ratio (Robins
et al., 1986).
In the OPCS tapes, cause of death was coded to the eighth
revision of the International Classification of Diseases
(ICD8) (WHO. 1967) for deaths from 1973 to 1978, and to
ICD9 (WHO, 1977) for deaths from 1979 onwards. We
bridge-coded the 1973-78 data to the ICD9 categories shown
in Table II. The OPCS coding of country of birth for British-
born persons gave several overlapping categories of birth-
place within the British Isles and we took as the England and
Wales-born for this analysis, persons whose birthplaces were
stated as England, Wales, or UK or British Isles not
specified. The last two poorly specified categories were
included since they are likely to be largely English and
Welsh-born. The Indian subcontinent-born were taken as
those born in India, Pakistan, Bangladesh and Sri Lanka.
Information on the social class, marital status and parity
history distributions of the Indian subcontinent-born mi-
grants compared with England and Wales natives were taken
from tabulations run specially from the 1971 Census (OPCS,
unpublished).
Results
During 1973-85, 1 479 755 deaths from cancer occurred in
England and Wales in persons who were native English and
Welsh, 4824 in British ethnic migrants from the Indian sub-
continent and 3458 in Indian ethnic migrants from the Indian
subcontinent (Table I). In addition there were 191 deaths in
Indian subcontinent migrants of Continental European eth-
nicity and 34 in migrants of other and unknown ethnicity,
who were excluded from the analyses. The age distributions
of the cancer deaths in the native Enghish and Welsh and the
British ethnic migrants were very different from those in the
Indian ethnic group (Table I): 67.6% of cancer deaths in the
native England and Wales population and 65.3% in the
British ethnic immigrants were at ages over 65. compared
with 30.7% at these ages in the Indian ethnic immigrants.
Tables II and III show cancer mortality in the immigrant
groups by cancer site and sex.
Digestive system cancers
In each sex risks of cancers of the salivary glands. other oral
cavity, and pharynx other than the nasopharynx were sub-
stantially raised in the Indian ethnic migrants (significantly so
in all instances except salivary gland cancer in males), and
raised also, although not as greatly, in the British ethnic
migrants. Nasopharyngeal cancer risks were significantly
raised only in male British ethnic migrants.
Oesophageal cancer risk in males were significantly but
modestly raised in each ethnic migrant group, but in females
risk was substantially raised in Indian ethnic migrants
(relative risk; RR = 2.6) and significantly decreased
(RR = 0.7) in their British ethnic counterparts. Stomach
cancer risks, by contrast. were decreased in each ethnic
group. significantly so except in females of Indian ethnic
origin. Colon and rectal cancers showed significantly reduced
risks in the Indian ethnic migrants, but relative risks close to
unity in those of British descent. Liver and gall bladder
cancer risks were sizeably and significantly raised in the
immigrants of Indian ethnicity: in the British ethnic im-
migrants the risks were less greatly raised, and only
significantly raised for liver cancer in males and gall bladder
cancer in females. Pancreatic cancer risks were significantly
but moderately raised in each sex in each ethnic group of
migrants.
RespiratorY system cancers
Nasal cancer risk was significantly raised in females and
laryngeal cancer risk significantly raised in males of Indian
ethnicitys but these increases were not shared by the British
ethnic immigrants. Lung cancer risks were significantly
decreased in each immigrant group, except British ethnic
females whose relative risk was 1.0. Pleural cancer risks were
based on small numbers and did not differ significantly from
umty.
Bone, soft tissue, and skin cancers
Bone and soft tissue cancer risks were not significantly raised
or reduced in the migrants, except for a significantly raised
risk of soft tissue cancer in British ethnic females. Melanoma
risks were greatly reduced in the Indian ethnic group, and
non-significantly raised in the immigrants of British ethnicity.
Non-melanoma skin cancer mortality risks, however, were
somewhat raised in both the Indian and the British ethnic
origin immigrants. significantly so in males of British eth-
nicity.
Reproductive-related cancers
Breast cancer risk in women was moderately but significantly
reduced in Indian ethnic migrants, but not reduced in the
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Table I Cancer deaths in England and Wales natives, and in British and Indian ethnic immigrants from the Indian
subcontinent, by age and sex, England and Wales, 1973-85
England and Wales-born British ethnic Indan-born Indian ethnic Indian-born
Age Males Females Males Females Males Females
(1ears) No. ()0o No. (%) No. (%) No. (%} No. (%0 No. (%O
0-14 3578 (0.5) 2766 (0.4) 0 (0) 4 (0.2) 36 (1.7) 9 (0.7)
15-44 22475 (2.9) 29689 (4.1) 83 (3.6) 81 (3.2) 309 (14.7) 301 (22.2)
45-64 214644 (28.1) 204604 (28.5) 743 (32.1) 763 (30.4) 1081 (51.4) 659 (48.6)
65-74 286695 (37.6) 210959 (29.4) 856 (36.9) 757 (30.2) 461 (21.9) 258 (19.0)
) 75 234021 (30.7) 268969 (37.5) 636 (27.4) 901 (36.0) 216 (10.3) 128 (9.4)
All ages 762768 (100) 716987 (100) 2318 (100) 2506 (100) 2103 (100) 1355 (100)
CiCancer in Indian inwigrans l Englnd and Wales
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Tablk n Relative nrsks of cancer mortality in immigrants from the Indian subcontinent to England and Wales. by
ethnic group, compared with natives of England and Wales, 1973-85: males
English and Welsh British ethnic born Indian ethnic born
Cancer site natives in India in India
(ICD9 code) No. ORa No. 0R (95% CI No. 0R (95% CI}
Salivary glands (142) 997 1.0 6 1.9 (0.9-4.3) 5 1.6 (0.6-3.8)
Other oral (141.143-5) 4564 1.0 24 1.7 (1.1-2.5)* 30 2.2 (1.5-3.1)***
Nasopharynx (147) 876 1.0 8 2.9 (1.5-5.9)** 4 1.0 (0.4-28)
Other pharynx (146.148.149) 3440 1.0 22 2.1 (1.4-3.1)*** 55 5.5 (4.2-7.2)
Oesophagus (150) 23556 1.0 91 1.3 (1.0- 1.5)* 87 1.3 (1.1-1.7)**
Stomach (151) 72012 1.0 164 0.7 (0.6-0.8)*** 111 0.6 (0.5-0.7)***
Colon and rectum (153.154) 85434 1.0 263 1.0 (0.9-1.1) 143 0.6 (0.5-0.7)***
Liver (155) 6177 1.0 33 1.7 (1.2-2.5)** 88 5.0 (4.0-6.2)***
Gallbladder (156) 4194 1.0 14 1.1 (0.6-1.8) 37 3.4 (2.4-4.7)***
Pancreas (157) 32301 1.0 132 1.3 (1.1-1.6)** 113 1.3 (1.1-1.6)**
Nose (160) 1402 1.0 4 0.9 (0.3-2.4) 6 1.2 (0.5-2.7)
Larvnx (161) 6775 1.0 24 1.1 (0.8-1.7) 42 2.3 (1.7-3.2)***
Lung (162) 296012 1.0 759 0.7 (0.7-0.8)*** 581 0.6 (0.6-0.7)***
Pleura (163) 2291 1.0 4 0.5 (0.2-1.4) 6 0.6 (0.3-1.5)
Bone (170) 2334 1.0 5 0.8 (0.3-2.1) 11 0.7 (0.4-1.3)
Soft tissue (171) 2570 1.0 11 1.6 (0.9-2.9) 15 1.0 (0.6-1.7)
Melanoma of skin (172) 3910 1.0 20 1.5 (1.0-2.4) 5 0.2 (0.1 -0.5)***
Other skin (173) 2508 1.0 14 1.9 (1.1-3.2)* 6 1.1 (0.5-2.4)
Breast (male) (175) 932 1.0 1 0.3 (0.05-2.5) 4 1.5 (0.6-4.1)
Prostate (185) 57112 1.0 195 1.2 (1.0- 1.4)* 100 1.2 (1.0-1.5)
Testis (186) 2275 1.0 3 0.4 (0.1-1.4) 12 0.5 (0.3-0.8)
Other male genital (187) 1342 1.0 6 1.5 (0.7-3.3) 2 0.5 (0.1-2.2)
Bladder (188) 33785 1.0 90 0.9 (0.7-1.1) 44 0.6 (0.5-0.9)**
Kidney (189) 12541 1.0 54 1.4 (1.0- 1.8)* 40 0.9 (0.7-1.2)
Eye (190) 845 1.0 6 2.3 (1.0-5.1) 2 0.6 (0.2-2.6)
Brain and other NS (191.192) 14219 1.0 57 1.3 (1.0-1.7) 79 0.9 (0.7-1.1)
Thyroid (193) 1173 1.0 5 1.4 (0.6-3.3) 13 3.4 (2.0-5.9)
Ill-defined (195-9) 35044 1.0 123 1.2 (1.0-1.4) 102 1.1 (0.9-1.4)
Hodgkin's disease (201) 3975 1.0 14 1.1 (0.7-1.9) 42 1.4 (I.1-2.0)*
Non-Hodgkin's lymphoma 12464 1.0 41 1.1 (0.8-1.5) 99 1.9 (1.5-2.3)***
(200.202)
Multiple myeloma (203) 8414 1.0 28 1.1 (0.7-1.6) 47 2.1 (1.6-2.8)***
Leukaemia (204-8) 20112 1.0 83 1.5 (1.2-1.9)*** 153 1.9 (1.6-2.2)***
aOdds ratio, compared with England and Wales-born= 1.0. *P<0.05. **P<0.01, ***P<0.001.
British ethnic migrants. There were very few breast cancers in
male migrants and no significant findings. Cervical cancer
risk was significantly raised in the Indian but not the British
ethnic migrants. Ovarian cancer risks were significantly
diminished in the Indian but not the British ethnic migrants.
In each ethnic group of immigrants. prostatic cancer risks
were slightly raised and testicular cancer risks were about
half of those in English and Welsh natives. There were not
significant risks in the migrants for other reproductive tract
cancers in males or females.
UCrinary tract cancers
Bladder cancer risks were significantly decreased in Indian
ethnic males and renal cancer risks significantly increased in
British ethnic males but otherwise there were not significant
differences in urinary tract cancer risks between the migrants
and the English and Welsh natives.
Nervous system and endocrine cancers
There were few eye cancers in the immigrants. A raised risk
of this malignancy in male British ethnic immigrants was
borderline significant but the risk in females was not raised.
Brain and nervous system cancer risks were borderline
significantly raised in each sex of British ethnic migrants but
not raised in the Indian ethnic group. Thyroid cancer risk
was highly significantly increased in Indian ethnic males and
was non-significantly increased in Indian ethnic females but
not significantly or consistently increased in the British ethnic
migrants.
Lymphohaematopoietic system cancers
Hodgkin's disease risk was significantly raised in male Indian
ethnic immigrants and close to unity in the other immigrants.
Non-Hodgkins lymphoma risks were highly significantly
raised in Indian ethnic immigrants of each sex, but close to
unity in the British ethnic migrants. Multiple myeloma risks
too were appreciably raised in each sex in the Indian ethnic
immigrants, significant in males only, but close to unity in
the British ethnic migrant group. Leukaemia risks were
highly significantly raised in each sex in migrants of each
ethnicity.
D~a
The Indian subcontinent-born population of England and
Wales are the largest immigrant group in the country born
outside the British Isles, totalling in 1971 312 800 persons
from India, 136 100 from Pakistan and 16 400 from Ceylon
and by 1981 382 800 from India. 299 600 from Pakistan and
Bangladesh and 25 400 from Snr Lanka. Most of those pres-
ent at the 1971 census had come to Britain in the 1960s
(68.8% of the 1971 census population who were Indian
subcontinent-born arrived during 1960-71)' but there were
also appreciable numbers who entered in the 1950s (13.9%)Cancer in Indianinmpauis lo Enhand andWes
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Table III Relative risks of cancer mortality in immigrants from the Indian subcontinent to England and Wales. by
ethnic group, compared with natives of England and Wales, 1973-85: females
English and Welsh British ethnic born Indian ethnic born
Cancer site natives in India in India
(ICD9 code) No. 0R No. 0R (95% CIJ Nvo. 0R (95% CI)
Salivary glands (142) 783 1.0 4 1.5 (0.6-4.0) 6 4.2 (1.8-9.3)***
Other oral (141.143-5) 3225 1.0 15 1.3 (0.8-2.2) 26 5.5 (3.7-8.2)***
Nasopharynx (147) 558 1.0 1 0.5 (0.1-3.8) 3 2.2 (0.7-6.8)
Other pharynx (146.148.149) 2849 1.0 17 1.7 (1.1-2.7) 23 4.6 (3.0-7.2)***
Oesophagus (150) 19483 1.0 50 0.7 (0.6- 1.0)* 64 2.6 (2.0-3.4)***
Stomach (151) 55735 1.0 141 0.7 (0.6-0.8)*** 54 0.8 (0.6-1.1)
Colon and rectum (153.154) 106957 1.0 345 0.9 (0.8-1.0) 82 0.5 (0.4-0.7)***
Liver (155) 5027 1.0 25 1.5 (1.0-2.2) 20 2.3 (1.5-3.6)***
Gallbladder (156) 7604 1.0 41 1.6 (1.1-2.1)** 64 6.6 (5.1 -8.5 ***
Pancreas (157) 33275 1.0 139 1.2 (1.0- 1.4)* 61 1.4 (1.1-1.8)*
Nose (160) 1226 1.0 4 0.9 (0.4-2.5) 6 2.6 (1.1-5.7)*
Larynx (161) 2003 1.0 5 0.7 (0.3-1.7) 5 1.5 (0.6-3.5)
Lung (162) 94534 1.0 328 1.0 (0.9- 1.1) 87 0.5 (0.4-0.6)***
Pleura (163) 639 1.0 5 2.2 (0.9-5.4) 2 1.2 (0.3-5.0)
Bone (170) 1980 1.0 10 1.7 (0.9-3.2) 5 0.7 (0.3-1.8)
Soft tissue (171) 2509 1.0 15 1.9 (1.2-3.2)* 7 0.9 (0.4-1.9)
Melanoma of skin (172) 5320 1.0 21 1.2 (0.8-1.8) 4 0.2 (0.1 -0.6)***
Other skin (173) 2405 1.0 9 1.1 (0.6-2.1) 4 1.5 (0.6-4.1)
Breast (174) 146151 1.0 541 1.1 (1.0-1.2) 303 0.8 (0.7-0.9)**
Uterus (179. 182) 18376 1.0 50 0.8 (0.6-1.0) 32 1.1 (0.8-1.6)
Cervix uteri (180) 24234 1.0 87 1.0 (0.8-1.3) 97 1.3 (1.0-1.6)*
Ovary (183) 44189 1.0 163 1.0 (0.9-1.2) 71 0.6 (0.5-0.8)***
Other female genital (184) 6554 1.0 15 0.7 (0.4-1.1) 10 1.3 (0.7-2.3)
Bladder (188) 15825 1.0 40 0.7 (0.5-1.0) 12 0.7 (0.4-1.2)
Kidney (189) 8457 1.0 20 0.7 (0.4-1.1) 10 0.6 (0.3-1.2)
Eye (190) 1005 1.0 2 0.6 (0.1-2.4) 1 0.5 (0.1-3.5)
Brain and other NS (191.192) 11469 1.0 49 1.3 (1.0-1.7) 39 0.9 (0.7-1.3)
Thyroid (193) 3233 1.0 7 0.6 (0.3-1.3) 8 1.8 (0.9-3.5)
Ill-defined (195-9) 41983 1.0 168 1.2 (1.0-1.4) 78 1.3 (1.1-1.7)*
Hodgkin's disease (201) 2385 1.0 11 1.2 (0.7-2.3) 13 1.1 (0.6-2.0)
Non-Hodgkin's lymphoma 12127 1.0 47 1.1 (0.9-1.5) 46 1.8 (1.4-2.5)***
(200.202)
Multiple myeloma (203) 9330 1.0 30 0.9 (0.6-1.3) 19 1.5 (0.9-2.3)
Leukaemia (204-8) 18581 1.0 81 1.4 (1.1-1.7)** 72 1.8 (1.4-2.3)***
aOdds ratio, compared with England and Wales-born=1.0. *P<0.05, **P<0.01. ***P<0.001.
and earlier (6.7% in 1940-49 and 10.6% before 1940). The
numbers entering dunrng 1971-81 can be judged from the
difference between the 1971 and 1981 census figures given
above: these immigrants were particularly from Pakistan and
Bangladesh, mostly women, often joining husbands or other
male relatives who had migrated earlier.
Several characteristics of these immigrants, and differences
between the Indian ethnic and British ethnic groups within
them, need to be taken into account when considering their
mortality. Most of the earlier immigrants were white, of
British ethnic group, whereas the immigrants in the late
1950s and 1960s were largely of Indian ethnic origin (Evers-
ley and Sukdeo, 1969). This is reflected in the age distribu-
tion of the two ethnic groups: in 1971, based on ethnic
coding of a 1% sample of the census population (Marmot et
al., 1984), 85% of persons aged under 45 born in the Indian
subcontinent were of Indian ethnic origin, compared with
51% of those aged 45-64, and 17% at ages 65 and above.
Correspondingly, the proportion of cancer deaths which
occurred at older ages was far greater in the British ethnic
group than the Indian ethnic group (Table I). The difference
in date of arrival in Britain between the ethnic groups also
affected their duration of residence in England and Wales by
the time of the study period: the Indian ethnic group had
generally lived in England and Wales for 10-20 years,
whereas the British ethnic group had generally lived in the
country for 30 years or more. Furthermore, many of the
British ethnic group, unlike their Indian ethnic counterparts,
may well have made prolonged temporary visits to Britain
(e.g. for schooling) before migrating there permanently. The
study groups will also have differed to some extent with
respect to certain exposures, such as occupation, which might
be confounders; the death certificate-based data available to
us did not allow adjustment for the effect of such confoun-
ding variables (although occupation specifically is unlikely to
explain any of the main findings).
The Indian ethnic migrants came selectively from certain
parts of the Indian subcontinent. Most were Sikhs from the
Punjab, Hindus from Gujarat and Moslems from West
Pakistan and East Pakistan/Bangladesh (Holmes, 1988). Data
on cancer rates in the Indian subcontinent, to compare with
the risks in the migrants, are very limited and do not corres-
pond entirely to the 'home' states or the urban-rural origins
of the migrants. Population-based cancer registry data are
available for a small number of cities in India (Muir et al.,
1987; Parkin et al., 1992), and non-population-based largely
urban data from clinical registries give some indication of
risks in Pakistan, Bangladesh and Sri Lanka (Panabokke,
1986; PMRC Study Group, 1986; Sivayoham, 1986; Rahim,
1986). The migrants were of varied social class: many of
those from Pakistan and Bangladesh were poor, but after
immigration controls to the UK were instituted in 1962, the
migrants tended to be skilled workers or professionals. At the
1971 census 18.9% ofmales and 24.1% of females age 15-64
of all ethnicities from the Indian subcontinent were in social
classes I and H (professionals and semiprofessionals) - basedCae in. _i _ib E. i s
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on own occupation, and excluding persons of unclassifiable
or unknown social class - compared with 23.7% of males
and 17.0% of females in these classes in the England and
Wales native population (OPCS, unpublished). Data on
social class of the Indian ethnic group are available only for
the 1% census sample in the Longitudinal Study, and show
in 1971 for the Indian-born a similar percentage of males of
social classes I and 11 (18%), and for the Pakistan-born a
lower percentage (7%) than in the Indian subcontinent-born
overall (OPCS, unpublished). (By implication from the
above, the British ethnic immigrants are likely in 1971 to
have been on average of at least as high, and perhaps higher,
social class than the Indian ethnic immgrants.) By the 1981
census, however, (again based on Longitudinal Study data),
the percentages of the Indian ethnic group in social classes I
and II had increased to 27% of Indian-born and 16% of
Pakistan-born males in classes I and II (Robinson, 1990),
and thus for the period overall the ethnic Indian
subcontinent-born group were probably not greatly different
in social class terms from the England and Wales native
population. We did not have data to adjust our ethnic
analyses by social class.
The reliability of ethnic coding needs consideration. The
coding was conducted by experienced staff, some of Indian
ethnic origin, based on Government and research sources of
information on ethnic names. Although no direct validation
was conducted, a similar ethnic coding scheme for Indian
ethnic immigrants has been validated by Nicoll et al. (1986),
showing 99-100% sensitivity and specificity for identification
of Indian subcontinent ethnicity. The only category of indi-
vidual for which the OPCS staff expressed difficulty in
deciding ethnic group was Portuguese-named persons born in
Goa (a very small proprtion of all Indian born), whom they
therefore coded to unknown ethnicity. Indian names are
generally easily distinguished from European names and it is
likely that few individuals coded as of Indian origin were in
fact of British origin. On the other hand, a small proportion
of those who appear from their name to be of British origin,
may in fact not have been entirely so for three reasons.
Firstly, some Indian Christians have adopted European
names. Secondly, persons of mixed Anglo-Indian ancestry
tend to have British names. Thirdly, a few individuals may
have anglicised their names for commercial reasons. Never-
theless, the great majority of the British-named individuals
will have been of British stock, and hence although a slight
similarity of risks in the British-named to the Indian-named
group might have resulted solely from misclassification of
ethnicity, substantial resemblance of risks in the British-
named to those in the Indian-named is unlikely to be an
artifact of ethnic misclassification and may reflect exposures
and behaviours acquired in India. It should be noted, how-
ever, that the extent to which the British ethnic group com-
pletely took on Indian behaviours and were fully exposed to
all aspects of the Indian environment will vary according to
the particular behaviour or exposure.
For few deaths in England and Wales (about 1%) is
country of birth not recorded, and almost all of these are in
fact born in the UK (Marmot et al., 1984). (Cancer registra-
tion data for England and Wales, by contrast, omit country
of birth information for about one-third of cases and also
have not been coded by ethnic group.) Cross-checks against
census records suggest that misrecording on death certficates
of country of birth as Indian subcontinent is a few per cent,
probably mainly by erroneous inclusion under this heading
of a few second generation Indian ethnic Britons.
Mortality data have the disadvantage that as well as
depending on incidence, they are also dependent on case
fatality rates and the proportion of deaths of persons with
cancer for which the cancer is certified as the underlying
cause of death. For cancers which are usually fatal and
almost always certified as the underlying cause, such as lung
cancer, these latter issues will be of little importance, but for
cancers less often fatal it may be of relevance. Although we
have no evidence that case fatality or certification practice
for cancers in England and Wales differ by ethnic group,
such differences remain possible, especially since Indian eth-
nic migrants might more often than the rest of the popula-
tion have Indian ethnic general practitioners, who might have
partiular certification practices.
Mortality rates in the migrants could not be calculated
because of lack of suitable denominator data. The odds
ratios which have been calculated instead relate the risk of a
particular cancer to the risk of all other cancers (Miettinen
and Wang, 1981). They are susceptible to bias if the total
rate of 'all other cancers' differs between the groups analysed.
There is no direct evidence on the total cancer mortality rates
in the ethnic groups. For deaths in 1970-72, however, all-
cause standardised mortality ratios (SMRs) for the Indian
born were at or above 100 in each ethnic group, and, within
this, all-cancer proportional mortality ratios (PMRs) were
slightly below 100 for the British-named and substantially
below 100 for Indian-named immigrants. Correspondingly
all-cancer SMRs were around 100 for less recent Indian-born
migrants, who would mainly be British ethnic, and substan-
tially below 100 for immigrants who entered the country
more recently, and who would mainly be Indian ethnic (Mar-
mot et al., 1984). These data are not simple to interpret
because of potential numerator/denominator biases in the
SMRs, and also because of a likely sizeable healthy migrant
selection effect in the recent (Indian ethnic) immigrants. The
data imply, however, that the odds ratios for the British
ethnic immigrants in the present study are probably close to
the true risks, while the odds ratios in the Indian ethnic
immigrants are likely if anything to overestimate slightly the
true risks. Hence small increases in odds ratio for the Indian
ethnic group are not reliable and have been given less weight
when considering the results.
The value of age-standardised risks as a summary measure
is, of course, dependent on the homogeneity of age-specific
risks. Small numbers limit the extent to which useful age-
specific analyses could be conducted on the present data, but
for the most common cancers, eg, lung, analysis by broad
age group showed broadly similar results for each age.
Comparisons between cancer rates recorded in England
and Wales and those recorded in India must be interpreted
cautiously because both diagnostic and registration com-
pleteness may well vary between the countries. Data quality
measures for certain Indian registries are appreciably less
favourable than for registries in England and Waks and the
proportion of cancers of unknown primary site greater (Par-
kin et al., 1992). There might be greater incompleteness (at
least for specified sites as opposed to cancer overall) in
certain of the Indian registries than in England and Wales
registrations, and thus while apparently greater cancer rates
in India than Britain might be real (or even underestimates),
deficits in Indian rates compared with England and Wales
might be artifacts, especially for cancers of sites which are
difficult to diagnose.
The only previous data on cancer risk in Indian immigrants
to Britain by ethnicity are very limited, based on much
maller numbers than the present data. For Indian ethnic
migrants, Marmot et al. (1984) reported on 314 cancer deaths
in England and Wales 1970-72, Donaldson and Clayton
(1984) on 251 cancers incident in Asian-named individuals in
Leictershire 1976-82, Balarajan et al. (1984) on risks of a
small number of sites, from data on 439 cancer deaths in
England and Wales 1975-7 and Matheson etal. (1985) on 31
cars in Asian-named individuals in the west of Scotland.
The only data on British ethnic migrants were for a limited
range of sites in 1970-72 in Marmot et al. (1984). The only
significant results of different direction to the present data
were in all instances for Indian ethnic immigrants: a
significant deficit of non-melanoma skin cancer incidence in
Leicestershire (Donaldson and Clayton, 1984), with no data
on this malignancy in the other three published datasets; a
significantly reduced risk ofpancreatic cancer in males in one
study (Balarajan et al., 1984) and in females in another
(Marmot et al., 1984), but with other published risks non-
significantly increased or non-significantly decreased; a
significant decrease in oesophageal cancer risk in males in
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one study (Balarajan et al., 1984), but with risks elsewhere
either not significantly decreased, or sigifiantly incased
(Donaldson and Clayton, 1984); and a significantly decreased
risk of prostatic cancer in one study (Balarajan et al., 1984),
with a non-significant increase in the only other study to
report on this (Donaldson and Clayton, 1984).
The high risk of oral and pharyngeal cancers in persons of
Indmian ethnic origin is in accord with the very high risk of
these tumours recorded in many studies in India (Paymaster,
1964; Muir et al., 1987; Parkin et al., 1992), Pakistan (PMRC
Study Group, 1986), Bangladeh (Huq, 1976; Rahim, 1986);
and Sri Lanka (Nissanga, 1976; Panabokke, 1986;
Sivayoham, 1986), and in Indian ethnic populations in
several countries outside the subcontinent (Marsden, 1958;
Shanmugaratnam et al., 1983; Donaldson and Clayton, 1984)
although not in Indian males in Natal (Schonland and Brad-
shaw, 1968) and Fiji (Boyd et al., 1973) or Indians of either
sex in New South Wales (Grulich et al., 1995). It has been
shown that the habit of chewing betel quid is a major
aetiological factor in oropharyngeal cacers in Indians
(IARC, 1985). Betal quid chewing remains prevalent in
Indian ethnic migrants to Britain after their migration (P
Mangtani, personal communication) (although one does not
see traces of expectorated quid on the pavements in Britain
as in India, because of conformity with British mores on
spitting in public). Tlhe raised risks occurring to a lessr
extent in the British-named migrants are probably not due to
betel quid chewing by British ethnic individuals, who as far
as we can ascertain did not normally take up this habit The
risk may have arisen in the small proportion of the British-
named migrants who were in fact Indian ethnk Christiams or
persons with name changes or mixed ethnic Anglo-Indians.
Nasal cancer risk was increased in femals of Indian eth-
nicity, but this was only just signlicnt, not paralleled in
males and difficult to interpret.
Oesophageal and laryngeal cancer risks were also raised in
persons of Indian ethnic origin, in each instan with a
substantially raised risk in one sex (females for oesophagus,
males for larynx) not plausibly attributable to bias. Risks of
these tumours in Westen countries are mainly attributable to
smokig and alcohol consumption, although several of the
highest risk countries for oesophageal cancer worldwide are
not one with high tobacco and alcohol consumption. Data
on the smoling habits of the migrants are not available by
ethnic group, but data from the General Household Survey
(Marmot et al., 1984) for the Indian-born overal show
relatively low levels of smoking, particualy among women:
38% of all Indian-born adult males and 13% of Indian-born
adult females were current smnokers in 1975-78 surveys com-
pared with 45% and 37% rptely of all adult UK
residents. The lung cancer risks in our data imply that this
low smoling applies to each ethnic and sex group except
British ethnic women. The alcohol consumption oflIdans in
Britain is also low overall, despite levls dose to British
consumption and high spirits consumption among the
minority of males who are Sikhs (McKeigue and Karmi,
1993). The high oesophageal cancer risks in Indian ethnic
migrants to Britain thus do not accord with their smoking
and alcohol consumption. They do fit however, with the high
risk of oesophageal cancer recorded in Indian compared with
British cancer registration data (Muir et al., 1987; Parkin et
al., 1992), and the comparatively high rates recorded in
females but not males of Indian ethnicity in Natal (Schon-
land and Bradshaw, 1968) and Singapore (Shanmugratnam
et al., 1983). This might relate to dietary deficiencies in India,
and possibly to betel quid chewing (Jussawalla and Desh-
pande, 1971; Day and Mufioz, 1982).
The raised risk of laryngeal cancer in Indian ethnic male
immigrants to England and Wales is again paralleled in some
Indian subcontinent cancer registry data (Muir et al., 1987;
Parkin et al., 1992) and clnical series (Huq, 1976) although
not in Indians in Fiji (Boyd et al., 1973), Sin re (Shan-
mugaratnam et al., 1983) or Natal (Schonland and Brad-
shaw, 1968), but is more unexpected in an international
context. The main established risk factors for this tumour are
smoking and alcohol consumption, and internationaly risks
in males are generally greatest in countries with high alcohol
intakes. The high risk in the Indian ethnic migrants, not
shared by the British ethnic migrants, does not appear to
correlate with their smoking and drinking habits, although it
has been suggsted that smoking of Indian 'bidis' might
particularly affect the larynx (and oropharynx) (Jussawalla
and Dehpande, 1971). The raised risk might relate to betel
quid chewing, although the evidence that this may cause
laryngeal cancer (Sarma, 1958; Jussawalla and Deshpande,
1971) is kss than the evidence for its causal role in oral and
pharyngeal cancers, and would be worth further investiga-
tion. Another altenative is that some of the laryngeal
canrs may be diagnostically or terminologically mis-
specified cancers of the hypopharynx, which is anatomically
close to the larynx, with which it can be confused.
Stomach cancer risks were greatly reduced in both the
Indian ethnic and British ethnic migrants from India. This is
somewhat surprisig since stomach cancer rates are usually
high in populations with low economic development, both
when examining risks by social class and to a large extent
internationafly, although the high rates in Japan are an
exception. Stomach cancer risks are generally low in Indian
cancer registry data compared with England and Wales
(Muir et a!., 1987; Parkin et al., 1992), but completness of
Indian data may be a problem. Stomach cancer risk appears
to relate primarily to exposures early in life, with rates in
migrants generally continuing to reflect those in their home
country (Haenszel 1982). It is possible that the association of
stomch cancer with poverty usually seen relates to specific
dietary habits, that although gnrally associated with
poverty are not so associated in India. Alternatively, the high
social class behaviours and environment of the migrants
compared with other lIdians may have protected them
against this malignancy. In view of the migrant data, the
levels of stomach cancer risk factors in India and Indian
migrants would be worth consideration.
For colon and rectal cancers, Indian ethnic migrants had
reduced risk but unlike the pattern for other gastrointestinal
cancers the Bntish ethnic Indian-born did not appear to
display, even in part, this difference from English and Welsh
rates. Intenationally colon and rectal cancers generally show
higher risks in more developed countries. It is a tumour for
which risks in migrants from low to high risk countries tend
to approximate to the host country rates within the first
generation (Haenszel, 1982): the British/Indian ethnic
differences would rif low rates in India (Parkin et al., 1992)
are real, and not due to incomplete registration] therefore fit
with their espectiv durations of residence in Britain, and it
will be of interest to observe whether Indian ethnic risks
increase over the coming decades.
Tlhe raised risks of liver cancer in the Indian ethnic im-
migrants can in part be xplained by the greater hepatitis B
prevakln in this group than in Brtish natives in England
and Wales: data indiate seropositivity in about 1% com-
pared with 0.1% of British natives (Boxall et al., 1994; E.
Boxall personal communication), but this appears
insufficent wholly to explain the size of risk. The immigrants
may also have had aflatoxin exposures in India (and perhaps
imported foodstuffs Bntain). The sim of icreased liver
cancer risk in males is greater than would be expected from
the difference between recorded liver cancer risks in India
and England and Waks (Muir et al., 1987; Parkin et al.,
1992), although there might be under-diangosis or under-
recording in India. We examined the liver cancer risks by age
group and found appreciable raised risks at each age where
there were substantial numbers of person-years. We have no
information on hepatitis B prevalen in British ehnic Indian
immxigats.
Gallbladder cancer risks were surprisingly high in the
Indian ethnic immigrants: in females this was the cancer site
with the highest relative risk and in males it was the third
highest. The increased risk was shared to a limited extent by
female but not male British ethnic migrants. Unlike liver
cancer, this is not a site for which high risk has been reported
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by Indian cancer registries (Muir et al.. 1987: Parkin et al..
1992). or in Indian subcontinent hospital-based series (Huq,
1976; Parkin. 1986). The main known risk factor for gall-
bladder cancer is gallstones, risk of which relates closely to
obesity. Since there is evidence that female Indian ethnic
migrants to England and Wales tend to be obese (McKeigue
et al.. 1991). it is possible that the gallbladder cancer risks
relate to some extent to this obesity.
The reason for the modest but significant raised risk of
pancreatic cancer in both Indian and British ethnic immig-
rants is unclear. but for the Indian ethnic group the small
size of increase in each sex leaves bias a possible explanation.
as noted above. The risk is contrary to their level of exposure
to the main known risk factor. tobacco smoking. which.
judging from the lung cancer risks. is low in all of the
Indian-born immigrants except for the British ethnic females.
The risks of melamona are as would be expected from the
skin colours of the Indian ethnic (dark skinned, low risk) and
British ethnic (light skinned, high risk) groups. The risks in
the British ethnic group. although raised, are considerably
lower than in white immigrants to England and Wales from
Australia and New Zealand (OPCS, unpublished). This might
reflect the long duration since immigration of the British
ethnic Indians. or time spent in England for schooling, or
their attitudes to suntanning. The raised risks in British but
not Indian ethnic migrants for soft tissue malignancy.
significant for females but not males. and for nasopharyngeal
cancer in males. are intriguing. They need reinvestigation in
future data with larger numbers.
Although we do not have data directly on the reproductive
history of Indian ethnic women in England and Wales. the
low risks of breast and ovarian cancer in the Indian ethnic
group accord With 1971 Census data for Indian-born women
aged 16-59. who will largely have been Indian ethnic. These
data show an early age at first birth and high parity in
Indian-born compared with England and Wales native
women at these ages (OPCS. unpublished). The risk ofcancer
of the corpus uteri usually parallels those of the breast and
ovary, but there is also an association with obesity which
might be the reason for the lack of protection of the Indian
ethnic migrants from this tumour. Since the relative risks of
these reproductive-related tumours were all fairly close to
unity. however. no firm conclusions can be reached.
The significantly raised risk of cervical cancer in the Indian
ethnic migrants. although not large, would accord with their
early age at first marriage (OPCS, unpublished) (and, by
implication, at first intercourse), and with the high incidence
rates of cancer of the cervix in India (Muir et al., 1987;
Parkin et al.. 1992). high proportional incidence in other
Indian subcontinent data (Huq, 1976; Rahim, 1986;
Sivayoham. 1986: Panabokke, 1986) and high incidence in
Indians abroad (Marsden, 1958; Schonland and Bradshaw,
1968; Boyd et al., 1973; Shanmugaratnam et al., 1983;
Donaldson and Clayton, 1984; Matheson et al., 1985). We do
not have data for the migrants on numbers of sexual partners
(and hence potential for sexually transmitted virus exposure),
the other main known risk factor for this malignancy.
The low risks in most instances of bladder and renal
cancer in the immigrants accord with their generally low level
of smoking.
The low risk of testicular cancer in the Indian ethnic
migrants accords with the low risk seen in most (but not all)
non-white groups worldwide, including several such groups
after migration to Western countries (Swerdlow. 1986). The
low risk in US blacks several generations after migration has
been taken to imply a genetic basis for the low risk. The
apparently low risk in the British ethnic immigrants is thus of
particular interest, since it might imply an early-life
environmental factor rather than genetic risk. Conclusions
must be cautious, however, as the risks in this group were
based on small numbers.
Eye cancers in adults are mainly melanomas. The small
numbers of cases which occurred in the migrants prevent
clear conclusions. The relative risk in Indian ethnic migrants
was decreased, but not as greatly as their relative risk for
cutaneous melanoma, while the risks for the British ethnic
migrants were inconsistent between the sexes.
Thyroid cancer risk was substantially raised in the Indian
ethnic migrants, especially men. but the British ethnic mi-
grants do not appear to have acquired this risk. Rates in
Indian registry data are not high by international standards.
and are generally at a similar level to those recorded in
England and Wales (Muir et al.. 1987; Parkin et al.. 1992).
There is a 3-fold increased hospital discharge rate for goitre
and thyrotoxicosis in Indian-named persons compared with
others in England (Donaldson and Taylor. 1983), however.
The significantly raised risks of several lymphohaemato-
poietic malignancies in the Indian ethnic group. shared by
the British ethnic group for leukaemia but not for other
histologies, is of interest. It is difficult to interpret, however.
given the limited knowledge of the aetiology of these tumours
and of their incidence in the Indian subcontinent. (Apparent
incidence there will be considerably dependent on diagnostic
facilities and practices). Lymphomas and leukaemias are
malignancies for which an infectious aetiology has been con-
sidered likely (and in certain limited subtypes of the tumours
has been demonstrated). and the migrants of both ethnicities
have had opportunity for early life infectious exposures in
India and for later acquaintance with new (British) infections
at migration.
In conclusion, there were several substantial cancer risks in
the present data for Indian and British ethnic migrants from
India to England and Wales, which are unlikely to have been
due to bias or artifact. Certain of these, the raised risks of
oral and pharyngeal cancer and of liver cancer in Indian
ethnic migrants, are likely to relate to known risk factors and
point to the need for public health actions to reduce betel
quid chewing and transmission of hepatitis in the Indian
ethnic population. Certain other of the substantial and
significant increases and decreases are of uncertain aetiology
and may merit aetiological enquiry - the sizeable raised risk
of oesophageal cancer in women, of laryngeal and thyroid
cancers in men and of gallbladder cancers in both sexes, and
the decreased risk of colon and rectal cancer in both sexes in
the Indian ethnic migrants. The raised risk of leukaemia and
decreased risk of stomach and perhaps testicular cancer in
both ethnic groups suggest the possibility of aetiological or
preventive effects of early exposure to an Indian environment
or early attained Indian behaviours (or for leukaemia of
migration) on risk irrespective of ethnicity.
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